By using 50 unabsorbed antisera, we were able to serotype 272 (65.7%) of 414 thermotolerant campylobacters from wild and domestic animals, on the basis of heat-stable antigens identified by means of passive hemagglutination. Forty-two serotypes were recognized. The pattern of serotypes detected in the various animal species was compared to human clinical isolates by using the Czekanowski index (proportional similarity index). The highest degree of similarity to the clinical isolates was observed for the poultry isolates, followed by strains from wild birds, flies, and pigs (in order of decreasing similarity). The serotypes recovered most frequently from poultry (LAU 1 and LAU 2) were also most prevalent in Norwegian patients. In contrast, serotype LAU 35/44, the predominant porcine serotype, was never recovered from human clinical specimens. Flies captured in chicken farms and in piggeries harbored serotypes which were also commonly seen in chickens and pigs, respectively. Nine of the strains included in this study could not be ascribed to any defined species. All of these were resistant to nalidixic acid and did not produce H2S.
During the past few years, considerable progress has been made in the understanding of the importance of Campylobacter jejuni and Campylobacter coli (synonyms, thermotolerant campylobacters, Campylobacter fetus subsp. jejuni) as human pathogens (3, 4, 15, 20) . Although many aspects concerning the epidemiology of Campylobacter enteritis remain to be clarified, the significance of several animal species as reservoirs for these bacteria has been established (3, 15, 20) . The introduction of effective methods for the differentiation of isolates, based on biochemical and serological criteria, has enabled further insight to be gained into the epidemiology of Campylobacter enteritis (9, 11, 21) . Serological characterization by means of heat-labile or heat-stable antigens has become the most useful typing method.
In Norway, an extensive indigenous reservoir of thermotolerant campylobacters has been detected among wild and domestic animals (7, (16) (17) (18) (19) . However, the contribution of each animal species to human infection is largely unknown. The purpose of this study was to serotype thermotolerant campylobacters from wild and domestic animals in Norway to contribute to the understanding of the epidemiology of Campylobacter enteritis in this country.
MATERIALS AND METHODS
Bacterial strains. A total of 414 thermotolerant campylobacters was subjected to serological typing. All strains were isolated from wild and domestic animals in Norway (7, (16) (17) (18) (19) . The strains fell into seven categories (Table 1) : (i) 207 strains from poultry, (ii) 66 strains from slaughter pigs, (iii) 59 strains from wild-living birds, (iv) 42 strains from houseflies captured in two piggeries and one chicken farm, (v) 26 strains from dogs and cats (B. Gondrosen, T. Knaevelsrud, and K. Dommarsnes, Acta Vet. Scand., in press), (vi) 12 strains from sheep, and (vii) two strains from dairy cows. Isolation procedures and criteria for identification of strains have been * Corresponding author. specified elsewhere (7, (16) (17) (18) (19) . All isolates were stored at -70°C in heat-inactivated horse serum with 17% glycerol.
Biotyping. All strains were tested for hippurate hydrolysis, H2S production, and susceptibility to nalidixic acid as described previously (17) . These parameters enabled allocation to C. jejuni biotype 1, C. jejuni biotype 2, C. coli, or Campylobacter laridis (synonym, "nalidixic acid-resistant thermophilic campylobacters") by the method of Skirrow and Benjamin (21) .
Serotyping. All strains were serotyped on the basis of thermostable antigens identified by means of the passive hemagglutination technique as described by Lauwers et al. (10) . The procedure followed has been detailed previously (6) . The serotyping was accomplished by using 50 unabsorbed rabbit antisera, which were prepared at the Univer- laridis among the animal species concerned, has been reported previously (7, (16) (17) (18) (19) .
The percentages of serotypable strains were as follows: C. jejuni biotype 1, 67.1%; C. jejuni biotype 2, 64.7%; C. coli, 64.7%; and C. laridis, 60.0%. C. jejuni biotype 1 encompassed strains belonging to 24 different serotypes, whereas C. jejuni biotype 2, C. coli, and C. laridis fell into 9, 20, and 3 serotypes, respectively. Of the 42 serotypes detected, 12 were specific for C. jejuni biotype 1, 5 were specific for C. jejuni biotype 2, and 12 were specific for C. coli. No serotype was specific for C. laridis. Ten serotypes comprised both C. jejuni and C. coli isolates, and in three of these, C. laridis isolates were also found.
DISCUSSION
It is now known that many animal species may harbor Campylobacter serotypes that also occur in human patients suffering from Campylobacter enteritis (10, (12) (13) (14) The Czekanowski index was calculated on the basis of each of these interpretations, and the resultant estimates are both presented in Table 2 .
Regardless of the interpretation adopted, the highest similarity to human clinical isolates was obtained for the poultry isolates, followed by strains from wild birds, flies, and pigs (in order of decreasing similarity). It is notable that the serotypes recovered most frequently from Norwegian patients (LAU 1 and LAU 2), were also most prevalent in poultry. A high degree of similarity between human and poultry isolates has also been observed in other countries (1, 12, 13) . In contrast, a majority of the porcine isolates, all of which were C. coli, belonged to serotypes not yet described in Norwegian patients. Serotype LAU 35/44, the dominant porcine serotype, was never recovered from human clinical specimens. The data presented by Munroe et al. (13) and Banffer (1) are similar, whereas Lior et al. (12), who used a serotyping scheme based on heat-labile antigens, concluded that all of their porcine strains belonged to the same serotypes isolated from human cases. The number of isolates from dogs, cats, sheep, or cows was insufficient to justify epidemiological conclusions. However, dogs, cats, and sheep were all found to harbor serotypes previously recovered from human cases of campylobacteriosis. In this and similar studies, it has been assumed that epidemiological affinity between animal species is proportional to the similarity between the serotype distributions of the species being compared. However, this tacit assumption is not necessarily correct. Since the factors responsible for virulence in C. jejuni and C. coli are unknown, it is quite possible that many animal isolates may not be pathogenic, even though they are serologically identical to clinical isolates. The epidemiological interpretation of the present results is further confounded by the fact that more than 50% of the Norwegian cases of Campylobacter enteritis were contracted in foreign countries (8) . Hence, definite conclusions concerning the relative importance of the various animal reservoirs in Norway, are not warranted at the present stage. Effective virulence assays, capable of screening large numbers of isolates, are required to evaluate the pathogenicity of individual isolates and thereby enhance our understanding of the epidemiology of campylobacteriosis.
Of the strains isolated from flies captured in piggeries, 66.7% belonged to two serotypes (LAU 6 and LAU 35/44), these being also common in swine. Likewise, 50% of the strains from flies inhabiting a chicken farm belonged to serotypes also seen in chickens. This supports the suggestion made in a previous report (19) that flies become infected with the types of campylobacters which prevail in the environments in which they live.
The serotype distributions recorded among poultry and pigs were each characterized by a different set of dominant serotypes, indicating that some host preference may exist among the Campylobacter serotypes. In this light, it is not surprising that the serotypes detected among wild birds were more evenly distributed, since avian wildlife constitutes a taxonomically and ecologically heterogenous group.
Resistance to nalidixic acid has been occasionally found in strains of C. jejuni (22) , a circumstance which indicates that this property may be transferable (2) . It is possible, therefore, that the atypical strains reported in this study may represent nalidixic acid-resistant variants of C. jejuni and C. coli. It is also possible that these variants may belong to the new group of hippurate-negative, nalidixic acid-resistant campylobacters recently described by Walder et al. (22) .
